Abstract-We present data on the signal to noise threshold (SNR) for the impression of coherent. smooth motion in stroboscopicall? moving dot patterns (frame repetitionrate 100 Hz) degraded with additive noise (uncorrelated pattern each new frame). (Both patterns were 250 x 255 square arrays in which a pixel tv~ randomly assigned a light or dark value with probability SO%.) it is found that the threshold varies roughly as the inverse square root of the number of available basic dot correlation pairs. subject to certain constraints that can be interpreted as due to the geometry of basic correlator units subserving the detection of motion. This geometry is estimated from the data and compared with values that have been obtained with independent methods. Phenomenologically the results are simple: when the target field is enlarged in the direction perpendicular to the motion the SNR threshold follows the theoretical expectations. Otherwise the variation is stronger. which points to a recruitment of new units. For an impression of movement to occur the smaliest targets are short thin strips elongated in the direction of motion (e.g. 2.
noise (uncorrelated pattern each new frame). (Both patterns were 250 x 255 square arrays in which a pixel tv~ randomly assigned a light or dark value with probability SO%.) it is found that the threshold varies roughly as the inverse square root of the number of available basic dot correlation pairs. subject to certain constraints that can be interpreted as due to the geometry of basic correlator units subserving the detection of motion. This geometry is estimated from the data and compared with values that have been obtained with independent methods. Phenomenologically the results are simple: when the target field is enlarged in the direction perpendicular to the motion the SNR threshold follows the theoretical expectations. Otherwise the variation is stronger. which points to a recruitment of new units. For an impression of movement to occur the smaliest targets are short thin strips elongated in the direction of motion (e.g. 2.5' x L2' for Z.OSdegsec-'), but the threshold continues to fall at least to 5' x 5'. There is a trade-off between target area and presentation time. For a 5" x 5" target coherent motion can be seen in 3 succcssivc frames. but for a IO' x to' target ten times as many frames have to be presented, whereas an impression of movement is not obtained for still smaller targets.
INfRODUcTJON
Hum;tn performance in the detection of coherence in moving random speckle patterns can be conveniently described with correlation models (Lappin and Bell, 1976) . In previous papers (van Doorn and Koenderink, 1982a . b) we have shown that the model proposed by Reichardt (1961) as the mechanism behind the optomotor responses of insects is also applicable to human vision. This model consists of an ensemble of structurally identical basic units (Fig.  I ) . consisting of two sub-receptive fields (diameter 6) at a mutual distance A, whose output signals are currelated for some fixed delay T. Such a unit is sclcctively sensitive to motions with velocity A/T. A detection of motion would occur if the pooled response of a number (iv say) of basic units exceeds the noise level. Simple reasoning shows that one should expect threshold signal to noise ratios approximately equal to N-f (van Doorn and Koenderink, 1987a; Lappin and Bell (1976) have derived a similar equation). We have shown that this model is able to predict many of the peculiarities of human motion detection, and we succeeded in determining the parameters A and T as a function of the velocity (van Doorn and Koenderink, 1982a, b) .
From these experiments it appears that a great many basic units cooperate for a detection threshold. Threshold signal to noise ratios as low as 10s2 were found. In this paper we present results that enable a more precise estimate of the number of basic pair correlations necessary for the impression of coherent movement.
Xi ETHODS Random dot patterns of 250 x 255 dots were electronically generated and displayed on a HPmonitor (model 13 i 7-A. P4 phosphor, 470 psec decay time to 1% intens~ty~. Each 10 msec a new frame was gcncrated. The impression of coherent motion is obtained when the patterns in different frames are mutually shifted in position. The velocity of this stroboscopic movement can be varied by adjustment of the spatial shift and the adjustment of the number of frames between successive shifts. Apart from this stroboscopically moving pattern another electronic generator generated a fresh uncorrelated speckle pattern every new frame. This signal in isolation looks like a "snow storm". It is spatially and temporally completely random. In both patterns the probability for the generation of a dot is 50% for any pixel. In our experiments the correlated and the uncorrelated pattern are electronically mixed in such a way that the root mean square contrast is held invariant whereas the ratio of the variances of the luminance in the two patterns (that is the signal to noise ratio, henceforth abbreviated as SNR) is variabic. The subject controls the SNR and seeks the threshold for the impression of coherent motion. When coherent motion is detected the subject is always sure of its direction. The threshold is bracketed at least 16 times.
In all experiments the field subtended 5.21 x 5.31 deg of visual angle, mean luminance 180cd/m*. The surround was dark. The subjects viewed the screen binocularly with the natural pupil. They had normal, or corrected to normal vision.
COHERENT MOTION K-4 LONG STRIPS
The Reichardt correlator mechanism is anisotropic. Thus it is a priori likely that integration properties in the direction of motion and per-
